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(54) Laser device for transmyocardial revascularization procedures 



(57) An apparatus for performing a laser myocardial 
revascularization of a human heart comprises a hand- 
held device with an elongated flexible lasing assembly 
including an axially movable fiber bundle which can be 
placed into the chest cavity of a patient. At the distal 
head end of the device laser energy from the distal end 
of the fiber bundle is initially reduced to form a relatively 
small opening in the epicardium of the heart. The fiber 
bundle is moved through the opening so that lasing with 
full laser power takes place beneath the epicardium to 
form a larger channel through the myocardium that ex- 
tends into the left ventricular cavity. After the channel 
has been formed, the optical fiber bundle is retracted 
from the channel and back through the small epicardium 
opening so as to minimize operative bleeding and allow 
sealing of the epicardium after the apparatus is re- 
moved. 




O 
CO 

o> 
o> 
h- 

o 

CL 
LU 




FIG._1 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 0 799 604 A1 



2 



Description 

This invention relates to the field of laser surgery, 
and more particularly to an improved laser surgery de- 
vice for use in procedures for increasing the flow of 
blood to heart muscle. 

Medical science has developed a wide variety of 
methods for counteracting the effects of cardiovascular 
disease including open heart and by-pass surgery. Non- 
surgical procedures such as percutaneous transliminal 
coronary angioplasty, laser angioplasty, and atherecto- 
my have also been developed. 

One alternative to the aforementioned procedures 
is known as Transmyocardial Revascularization (TMR). 
In such procedures, channels are formed in the ventricle 
wall of the heart with a laser. These channels provide 
blood flow to ischemic heart muscle. A history and de- 
scription of this method has been documented by Dr. M. 
Mirhoseini and M. Cayton on "Lasers in Cardiothoracic 
Surgery" in Lasers in General Surgery (Williams & 
Wilkins; 1989) pp. 216-233. 

As described therein, a C02 lager was used to pro- 
duce channels in the ventricle from the epicardium 
through the myocardium. This procedure followed a sur- 
gical incision in the chest wall to expose the heart. Laser 
energy was transmitted from the laser to the epicardium 
by means of an articulated arm device of the type com- 
monly used for C02 laser surgery. The beam was co- 
herent and traveled as a collimated beam of laser ener- 
gy through the epicardium, the myocardium and the en- 
docardium into the left ventricle cavity. The epicardium 
received the highest energy density and therefore nor- 
mally had the largest area of heart tissue removed com- 
pared with the endocardium which was approximately 1 
cm deep to the epicardium. The resultant channel 
through the myocardium was funnel -I ike. A problem as- 
sociated with the above procedure arose because laser 
perforation of the epicardium caused bleeding from it 
outwardly from the left ventricle after the procedure. Ex- 
ternal pressure by the surgeon's hand on the epicardium 
of the heart was often needed to stop bleeding from the 
ventricle to the outside through the hole produced by the 
laser in the epicardium. However, this procedure was 
usually only partially successful because it resulted in a 
significant amount of blood loss and/or an excessive 
amount of time required to stop the bleeding. Both fac- 
tors could jeopardize the success of the revasculariza- 
tion procedure. 

In a proposed improvement in an TMR procedure 
described in Hardy U.S. Patent No. 4,658,817, a needle 
was added to the distal tip of an articulated arm system, 
with a beam of laser energy being passed through the 
lumen of the needle. The metal tip of the needle of the 
device was used to pierce most of the myocardium and 
the laser beam then was used to create the desired 
channel through the remaining portion of the myocar- 
dium and through the adjacent endocardium. In the Har- 
dy procedure, the hollow needle used to deliver laser 



light was subject to being clogged by tissue or blood 
which could flow into the needle, thus blocking the laser 
light from impinging the myocardium. Also, the metal rim 
of the needle could be damaged by the intense laser 

5 light and leave contaminating metal remains within the 
myocardium which are potentially hazardous. 

Another proposed TMR procedure is described in 
the Aita, et al U.S. Patent 5,380,316. Aita, commenting 
on the Hardy needle device, contends that mechanical 

10 piercing was undesirable because it entailed some de- 
gree of tearing of the pierced tissue, and that tearing 
often leads to fibrosis as the mechanical tear heals, a 
factor that severely diminishes the effectiveness of the 
LMR treatment. Aita, et-al also contends that exposure 

is to metal may cause fibrosis where the needle passes 
through tissue. The Aita, et al patent describes an elon- 
gated flexible lasing^apparatus which is guided to an ar- 
ea exterior to the patient's heart and irradiates the exte- 
rior surface to form a channel through the epicardium, 

20 myocardium and endocardium. Thus, in the Aita et al 
procedure, the epicardium is irradiated at a high energy 
density and therefore should have a large area of heart 
tissue removed. Consequently, the Aita, et al procedure 
has the same problems and disadvantages as the prior 

25 Mirhoseini TMR procedure with respect to the afore- 
mentioned bleeding problem in the outer surface of the 
epicardium. 

In a copending application Serial No. 97301316.2 
which is assigned to the assignee of the present appli- 

30 cation, an improved apparatus and method for TMR pro- 
cedures is disclosed. In this application the epicardium 
membrane of the heart muscle is first penetrated me- 
chanically by a hollow piecing member and thereafter 
the distal end of a laser transmitting fiber is moved for- 

35 wardly through the myocardium as it emits pulses of la- 
ser energy to form a channel. When the fiber element is 
retracted and the piercing member is removed the open- 
ing that was made mechanically in the epicardium tends 
to close to prevent excessive bleeding from the channel 

40 formed in the myocardium. 

Under certain operating conditions, the character- 
istics of the epicardium membrane may vary so the phy- 
sician may elect to use an alternate means on the hand- 
held device for penetrating the epicardium membrane 

45 during a TMR procedure which minimizes bleeding after 
the procedure has been completed. Thus, it is desirable 
that the physician be able to pierce the epicardium in 
the most efficient manner and thereby minimize the size 
of the opening necessary to accommodate the advanc- 

50 jng fiber element. The improved TMR device of the 
present invention addresses these problems. 

It is therefore a general object of the present inven- 
tion to provide an improved apparatus for performing la- 
ser myocardial revascularization that ameliorates the 

55 problems of the aforementioned prior devices and pro- 
cedures. 

A further object of the present invention is to provide 
a less invasive and safer apparatus for performing laser 
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myocardial revascularization which does not diminish 
the effectiveness of the TMR treatment and can elimi- 
nate the problem of excessive bleeding from the pa- 
tient's epicardium following the channel forming proce- 
dure. 

In certain embodiments of the present invention 
there is provided an apparatus for performing laser my- 
ocardial revascularization which utilizes a reduced laser 
pulse to form a preliminary perforation opening in the 
epicardium membrane to enable the passage of an op- 
tical fiber means for forming a widened channel in the 
myocardium and such a way as to minimize bleeding 
from and promote sealing of the epicardium opening. 

In other embodiments, there is provided a device 
for performing a TMR procedure wherein an initial small 
opening is formed in the epicardium to facilitate forma- 
tion of a larger cone-shaped channel whose wider end 
is at the endocardium to promote blood perfusion from 
the left ventricular cavity and whose narrow end is 
closed beneath the epicardium to avoid excessive epi- 
cardial bleeding after the procedure. 

In further embodiments, there is provided a device 
for use in a TMR procedure which uses a concave distal 
end member that contacts the outer surface of the epi- 
cardium, and then applies air suction during the proce- 
dure to draw the epicardium into the distal end member 
and thereafter draw blood into the channel just formed, 
thereby enhancing the effectiveness of the procedure. 

In one aspect the present invention comprises ap- 
paratus for combined mechanical/laser myocardial 
revascularization of a human heart. It comprises a hand- 
held device which includes an elongated flexible lasing 
apparatus including an optical fiber bundle that can be 
inserted into the chest cavity of a patient. Thus, accord- 
ing to this aspect of the invention there is provided a 
surgical device for performing a trans-myocardial revas- 
cularization procedure on a patient's heart, said device 
comprising: 

a handle" port ion; 

a tubular neck portion connected to said handle por- 
tion; 

a head member attached to the distal end of said 
neck portion having an end face adapted to engage 
the outer surface of a heart being treated, a central 
opening in said end face and a body portion extend- 
ing from said end face connected to said heck por- 
tion; 

an optical fiber means having a proximal end con- 
nectable to. a source of laser energy; 

said fiber means extending through said handle 
portion ; and into said neck portion with its distal end 
within said body: portion of said head member, said fiber 
means having a diameter at; its distal end for emitting a 
full laser-beam of substantially the same diameter; 

means on said handle portion for engaging said fib- 



er means: for moving it axially therein and thereby 
moving its distal end within said head member to a 
first position near the epicardium layer of the heart; 
and 

s - laser power reduction means for providing a laser 
pulse from said fiber means at said first position 
having reduced energy and thereby making an 
opening in the epicardium that is smaller than the 
diameter of said full laser beam; 

10 - whereby said fiber bundle can thereafter be moved 
axially forward to form a channel in the myocardium 
of the heart with said full laser beam. The device of 
the first aspect may be used in a method for revas- 
cularizing a patient's heart comprising the steps of: 

is - providing access to the patient's heart for an optical 
fiber means connected at its proximal end to a 
source of laser energy and having a distal end for 
emitting laser energy at controllable intervals; 
manipulatingsaidfibermeanstoplace its said distal 

20 end in a first preselected position near the surface 
of the epicardium layer on a preselected area of the 
outer wall of a heart chamber; 
providing a means for reducing the laser power from 
the distal end; 

25 - pulsing the laser source at said first position to emit 
laser energy at a reduced power level from said dis- 
tal end so as to form an opening in the epicardium 
layer; 

forcing said fiber means forward so that said distal 
30 end moves through said epicardium opening and 
into the myocardium tissue of the heart; and 
emitting laser energy at full power while moving said 
distal end forward so as to ablate myocardium tis- 
sue and form a revascularization channel therein. 

35 

In one form, the device includes a detachable distal 
head end assembly including a circular, disk having a 
central bore through which the distal tip of the fiber bun- 
dle can pass. A restrictive sensing and positioning 

40 means is provided in the bore for momentarily stopping 
the distal end of the fiber bundle at an optimum distance 
from the surface of the epicardium. This positioning 
means provides a temporary peripheral shield which re- 
duces the amount of laser energy from the fiber bundle 

45 by decreasing the diameter of the laser beam emitted 
from its distal end. When at this preliminary position 
against the sensing means, a laser pulse is initiated to 
emit the reduced laser beam to form an opening in that 
portion of the epicardium which has been sucked into 

50 the concavity of the distal head end by a controlled vac- 
uum. After the epicardium opening has been formed, the 
fiber bundle is advanced axially through it by the sur- 
geon using a control on the hand-held device. At this 
point, the positioning means is expandable to allow pas- 

55 sage therethrough of the fiber bundle which also passes 
through the opening in the epicardium. After passing 
through the epicardium opening, laser energy is emitted 
from the distal end of the optical fiber bundle as it is ad- 
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vanced by the surgeon into the myocardium tissue be- 
yond the preliminary epicardium opening. Thus, the my- 
ocardium is ablated with the full beam of pulsed laser 
energy from said optical fiber distal end to form a chan- 
nel as it moves into the left ventricular chamber. As the s 
fiber element moves through the myocardium, an air 
suction conduit connected to the distal head end assem- 
bly provides a means for cleaning debris from the chan- 
nel being formed and also for keeping the outer surface 
of the epicardium firmly against the stop member of the 10 
tip assembly. Sealing of the epicardium occurs after the 
fiber bundle is withdrawn, the vacuum is. discontinued 
to release the epicardium with the concave distal end 
member, and the device is moved. Because the prelim- 
inary opening substantially closes at this point, a mini- f5 
mum of bleeding occurs after each TMR procedure. 
With the present device, the laser energy disbursed 
through the myocardium as a noncollimated, expanding 
beam creates a wider channel at the exit of the channel 
into the left ventricular cavity than within the myocar- 20 
dium so that revascularization can take place within the 
channel in the most effective manner. 

Other objects, advantages and features of the 
present invention will be apparent to those skilled in the 
art from the following detailed description and the ac- 25 
companying drawings. 

An embodiment of the invention is illustrated below, 
by way of example only, and with reference to the ac- 
companying drawings, of which: 

Fig. 1 is a schematic view in section of a human 30 
heart showing revascularization of the myocardium uti- 
lizing a device according to the present invention. 

Fig. 2 is an enlarged view in perspective showing a 
device embodying principles of the invention for imple- 
menting the revascularization procedure of Fig. 1 . 35 

Fig. 3 is an enlarged exploded and fragmentary 
view in section of the device shown in Fig. 2 showing 
details of the handle portion and the advancing mecha- 
nism for linear movement of the movable fiber element. 

Fig. 3A is a fragmentary view in section of the distal 40 
end member for the device shown in Fig. 3. 

Fig. 4 is an end view of the distal end member of 
the device of Fig. 3A. 

Figs. 4-9 are enlarged views in elevation and in sec- 
tion showing the end member of Fig. 3A assembled and 
in operation during a typical TMR procedure according 
to the invention. 

With reference to the drawing, Fig. 1 diagrammati- 
cally depicts a human heart 10 with the epicardium 12 
of the left ventricle 1 4 exposed where a Trans-Myocar- so 
dial Revascularization (TMR) procedure according to 
the invention is to be performed. Preliminary to the pro- 
cedure the surgeon makes an incision in the patient's 
chest to expose the outer wall of the heart's left ventricle. 
In a human heart the wall of the left ventricle, is com- ss 
prised of an outer layer, the epicardium, the main muscle 
thickness or myocardium, and the inner layer or endo- 
cardium. The epicardium is comprised of a smooth, 



moist serous membrane which is somewhat tougher 
than the other tissue layers of the heart muscle. 

In carrying out the method of the present invention, 
the surgeon utilizes a hand-held device 16 which is ma- 
nipulated and operated to form a series of revasculari- 
zation channels 18 in the myocardium of the patient's 
heart at selected spaced apart locations. 

In accordance with the principles of the invention, 
each of channels is formed by first penetrating the epi- 
cardium membrane with a restricted or reduced laser 
pulse to form a relatively small opening through which 
the distal end of an optical fiber bundle 26 can thereafter 
be forced to engage the myocardium. The fiber bundle 
is connected to a laser energy source 28 at its proximal 
end. Once through this epicardium opening, full beam 
laser energy is emitted in pulses from the distal end of 
the fiber bundle 26 as it is moved forwardly to form the 
channel 18 in the myocardium and completely through 
the endocardium. After the channel has been formed, 
the distal end of the fiber bundle is retracted to a position 
within the end member of the device 16 which can then 
be moved to another location to repeat the procedure. 
In a typical TMR procedure a number of channels, e.g. 
30-50 may be formed depending on the patient's condi- 
tion. When the end member of the device is removed, 
the relatively small opening in the epicardium substan- 
tially closes due to the tissue resiliency, thereby mini- 
mizing any blood flow from the channel just formed. 

As shown in Fig. 2, the device 1 6 comprises a hous- 
ing 20 adapted to be hand held by the surgeon during 
an operative procedure, a J-shaped neck member 22 
attached to the housing and an interchangeable distal 
head member 24 having a disk like shape with concave 
surface 25 for contacting the outer surface of the epi- 
cardium membrane. An optical fiber bundle 26 whose 
proximal end is connected to the laser source 28 ex- 
tends through the housing and through the neck mem- 
ber to the distal end member 24. Within the housing 20 
the fiber bundle 26 is connected to a movable shuttle 30 
(Fig. 3) which extends outside the housing and is con- 
nected to a thumb actuated control member 32. Thus, 
movement of the control member 32 by the surgeon will 
move the distal end 34 of the fiber bundle beyond the 
concave surface 25 of the distal head member 24. The 
vacuum line 36 extending from the vacuum source 37, 
such as a conventional hospital vacuum type canister 
device, is connected to a barbed inlet 38 in the housing 
20. This inlet communicates with an air passage 39 
around the fiber bundle that extends the to distal head 
member 24. Thus, when in use, a suction is provided at 
the distal head member 24 of the device 16 which per- 
forms two vital functions. First of all, the suction force 
draws the epicardium tissue firmly against the concave 
contacting face 25 of the distal head member 24 so that 
a relatively small opening 31 can be made in the epicar- 
dium muscle fibers to allow the distal end of the fiber 
bundle 26 to penetrate and engage the myocardium. As 
the fiber bundle is advanced by the surgeon beyond the 
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epicardium opening and into the myocardium, laser 
pulses are produced from its distal end 34 to form a 
channel 1 8 through the myocardium. As the fiber bundle 
continues to advance, the air suction provided helps to 
remove debris caused by the laser and also to draw 
blood into the channel to assure that the revasculariza- 
tion process will commence properly. When, the fiber 
bundle is retracted after forming a channel, the distal 
end member 24 is moved away and the opening in the 
relatively small epicardium closes naturally with a mini- 
mum of bleeding. 

Describing now the device 16 in greater detail, with 
reference to Fig. 3. The housing 20, which may be mold- 
ed from a suitable plastic material, has an enlarged cen- 
tral cavity 40 to accommodate the shuttle 30. The latter 
has a cylindrical portion which surrounds and is firmly 
attached to the fiber bundle 36. Attached to the cylindri- 
cal portion is a web portion 42 which extends through 
an axial slot 44 in the housing. The web portion is con- 
nected to the control member 32 on the outside of the 
housing 20 which preferably has an arcuate configura- 
tion in cross section with a pair of external, transverse 
ridge portions 46 that facilitate easy thumb control by 
the surgeon. 

Below the central cavity 40 is the barbed inlet 38 for 
the vacuum line 36 which communicates with the air 
passage 39 to the distal end member 24. An internal 
rubber disk 48 is provided within the housing to seal the 
air passage from the central cavity 40. The disk sur- 
rounds the fiber bundle and is held in place along its 
periphery by an annular groove 49. 

At its forward end, the housing tapers to a threaded 
end portion 50 having a tapered end surface 52 for re- 
ceiving a flared end 54 of the neck member 22. With the 
inner surface of this flared end in contact with the ta- 
pered end surface 52, a jam nut 56 around the neck 
member can be tightened on the threaded end portion 
50 to secure the neck member to the housing 20. 

The proximal end of the optical fiber bundle 26 is 
connected to the source or generator 28 of laser energy 
which is preferably a Holmium laser that operates at a 
wave length in the range of 1 .8 to 2.2 microns and a 
pulse frequency in the range of 2 - 25 Hertz. This type 
of laser is preferable because it provides high absorp- 
tion efficiency, hemostosis and a moderate absorption 
range in myocardium tissue, and is compatible with op- 
tical fiber delivery. A conventional foot switch (not 
shown) can be used by the surgeon to control the laser 
energy during a procedure. 

At the laser generator, laser energy is supplied to 
the optical fiber bundle 26 which, at its distal end, has a 
diameter of around 1 .5 mm. The optical fiber bundle is 
comprised of a plurality (e.g. 37) of glass fibers 32 each 
having a diameter of 100 microns. These glass fibers 
are held together by a suitable plastic material, such a 
353 ND Epoxy, and near its distal tip, the bundle is pref- 
erably surrounded by an annular tantalum marker which 
serves to retain the bundle in a closely packed geomet- 



ric boundary surrounding the bundled fibers is a plastic 
protective sheath such as polypropelene having a wall 
thickness of .004 inches. Other fiber bundle configura- 
tions could be used within the scope of the invention. 
5 In the embodiment shown, the neck member 22 of 
the device 1 6 is a tubular member having a uniform out- 
side diameter (e.g. 0.120 inches) and inside diameter 
(e.g. 0.094 inches) preferably bent into an angular D J n 
shape within which the optical fiber bundle 26 is slidable. 
This neck portion is preferably made from a stainless 
steel which may be heat treated to make it malleable 
and thus somewhat flexible. This enables the neck por- 
tion to be easily bent so that its distal end head member 

24 can be positioned to accommodate the specific re- 
*s quirements of the surgical procedure being performed. 

Removably attached to the distal end of the tubular 
neck is the enlarged disk-like head member 24 for the 
device 16. In the embodiment shown in Figs. 3A to 3C, 
the head member 24 has an annular flange portion 27 
with its previously described generally concave surface 

25 that surrounds a central opening 28 therein. Prefer- 
ably, this head member 24 is made of a molded plastic 
material such as nylon, which allows the flange portion 
37 to be slightly flexible. One or more concentric circular 
ridges 29 with sharp outer edges are provided in the end 
surface 25 so that the head member 24 will retain its 
position when pressed firmly against the epicardium of 
a beating heart. 

In accordance with this invention, the initial opening 
31 in the epicardium is made by a laser beam of some- 
what reduced diameter before the fiber bundle 26 is 
caused to proceed forward ly through the myocardium. 
Here, the circular distal head member 24 with its con- 
cave inner surface is moved toward against the outer 
surface of the epicardium, as shown in Fig. 4. At the 
center of the concave surface 25 the opening 28 com- 
municates with an axial bore 60 which is smooth along 
its inner end and has internal threads at an extended 
neck portion 62. These internal threads enable the distal 
tip member 24 to be easily attached to and removed 
from the threaded end of the neck portion 22 of the de- 
vice 16. Just inside the smooth bore 60 is a circular 
groove 64 for retaining a split, flexible stop ring 66. In its 
relaxed state this stop ring has a diameter slightly small- 
er than the bore 60, and it provides a temporary stop 
and positioning means for the distal end 34 of the fiber 
bundle 26. This stop ring is preferably made of resilient 
metal which is preferably gold or copper plate to provide 
a heat sink and thus a means for shielding or blocking 
a peripheral portion of the laser beam emitted from the 
distal end of the fiber bundle. In essence, it enables the 
surgeon to place the laser emitting distal end 34 of the 
fiber bundle against the stop ring at precisely the desired 
stand-off distance from the epicardium to create the de- 
sired initial opening therein, as shown in Fig. 5. Since 
the stop ring shields the outer periphery of fiber bundle, 
only a laser beam of a smaller diameter can pass 
through the stop ring to strike the epicardium mem- 
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brane. 

The method of operation for the device 1 6 using the 
concave distal head member 24 is illustrated in Figs. 4 
to 9. As shown in Fig. 4, the surgeon first manipulates 
the device 16 so that concave surface 25 of the distal 
head member 24 can be moved against the outer sur- 
face of the epicardium. At this point, as shown in Fig. 5, 
the vacuum pressure supplied through tube 36 to the 
device 16 is furnished through the central opening 28 of 
the distal head member and causes the epicardium to 
bulge into the concavity of its flange portion 27. This 
stretches the epicardium membrane to some extent. At 
almost the same instant, the surgeon moves the fiber 
bundle 26 forward until its distal end 34 is stopped mo- 
mentarily by the stop ring member 66 at the desired dis- 
tance from the epicardium. Now, a laser pulse is initiated 
from the distal end 34 of the fiber bundle 26 to make the 
preliminary opening 31 in the stretched epicardium 
membrane. (Fig. 6) Since the expandable stop ring has 
a small inside diameter it reduces the size of the laser 
beam that strikes the epicardium. After this opening has 
been formed, the surgeon again uses the device control 
32 to advance the fiber bundle 26, as shown in Fig. 7. 
As this is done, the distal end 34 of the fiber bundle 
moves forwardly through the stop ring 66, causing it to 
expand radially into its groove 64, and the distal end of 
the fiber bundle then moves into the myocardium. Si- 
multaneously, laser pulses with a full beam diameter are 
emitted from the distal end of the fiber bundle as it 
moves forward to form a channel 18 all of the way 
through the myocardium and the endocardium, as 
shown in Fig. 7. After the channel has been completed, 
the fiber bundle 26 is retracted back inside the distal end 
member 24 and inwardly from the ring member 66, as 
shown in Fig. 8, to be ready for forming the next channel. 
As the channel is being formed and during retraction of 
the fiber bundle, a vacuum through the distal head 24 is 
maintained which helps to remove debris from the chan- 
nel 18 and also to draw blood into it to start the revas- 
cularization process. After full retractions of the fiber 
bundle, using the device control 32, the removal of the 
concave flange member 26 from the epicardium, as 
shown in Fig. 9, allows the membrane to resume its nor- 
mal shape which tends to close the initial opening 31 
formed therein, thereby preventing excessive bleeding. 

From the forgoing it is apparent that the present in- 
vention provides an improved device for performing 
TMR procedures that combines simplicity with efficiency 
to enable the formation of effective channels for revas- 
cularization which will normally close at the epicardium 
membrane to minimize post-operative bleeding 

To those skilled in the art to which this invention re- 
lates, many changes in construction and widely differing 
embodiments and applications of the invention will 
make themselves known without departing from the 
spirit and scope of the invention. The disclosure and the 
description herein are purely illustrative and are not in- 
tended to be in any sense limiting. 



Claims 

1 . A surgical device for performing a trans-myocardial 
revascularization procedure on a patient's heart, 

5 said device comprising: 

a handle portion; 

a tubular neck portion connected to said handle 
portion; 

io - a head member attached to the distal end of 
said neck portion having an end face adapted 
to engage the outer surface of a heart being 
treated, a central opening in said end face and 
a body portion extending from said end face 
is connected to said neck portion; 

an optical fiber means having a proximal end 
connectable to a source of laser energy; 

said fiber means extending through said han- 
20 die portion and into said neck portion with its distal 
end within said body portion of said head member, 
said fiber means having a diameter at its distal end 
for emitting a full laser beam of substantially the 
same diameter; 

25 

means on said handle portion for engaging said 
fiber means for moving it axially therein and 
thereby moving its distal end within said head 
member to a first position near the epicardium 
30 layer of the heart; and 

laser power reduction means for providing a la- 
ser pulse from said fiber means at said first po- 
sition having reduced energy and thereby mak- 
ing an opening in the epicardium that is smaller 
35 than the diameter of said full laser beam; 

whereby said fiber bundle can thereafter be 
moved axially forward to form a channel in the 
myocardium of the heart with said full laser 
beam. 

40 

2. The surgical device of claim 1 wherein said laser 
power reduction means comprises means for par- 
tially shielding said distal end of said fiber bundle 
so that laser energy therefrom will form a laser 

45 beam of reduced diameter. 

3. The surgical device of claim 1 or claim 2 wherein 
said removable head member has a concave end 
face. 

so 

4. The surgical device of claim 3 including vacuum 
means connected to said handle portion for creating 
a suction at said central opening of said head mem- 
ber to draw the patient's heart tissue into said con- 

55 cave end face. 

5. The surgical device according to claim 4 wherein 
said vacuum means includes a tubular conduit ex- 
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tending from a vacuum source and, connected to 
said handle portion for communicating with said 
head member to cause a suction at the epicardium 
of the patient's heart. 

5 

6. The surgical device according to any one of the pre- 
ceding claims including a sensing means at said 
central opening of said head member for positioning 
the distal tip of said fiber bundle at a desired opti- 
mum distance from the epicardial surface. 10 

7. The surgical device according to claim 6 wherein 
said sensing means is responsive to increased axial 
pressure from said fiber bundle to allow its passage 
through said central opening and into the myocar- is 
dium of the patient's heart. 

8. The surgical device according to claim 6 wherein 
said sensing means comprises an expandable split 
ring seated within a circular groove at said central 20 
opening. 

9. The surgical device according to claim 8 wherein 
said split ring has an inner diameter that is less than 

the diameter of said fiber means so that when said 25 
distal tip of the fiber means is against said split ring, 
the ring will shield a peripheral portion of a laser 
beam from said distal tip to form an opening in the 
epicardium of a reduced size. 

30 

10. The surgical device according to claim 9 wherein 
said split ring is coated with a metal alloy for absorb- 
ing laser energy. 
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